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The description in Pliny's 'Natural History' of gilding bronze by using
mercury becomes clearer if it is seen as a process in which mercury is
used only as an adhesive for the gold leaf and in which it is not necessary
to heat the object after gilding to drive off the excess mercury as is the
case in the more usual fire- or mercury-gilding. Laboratory experiments
on the techniques of gilding and a study of the older literature support
this new interpretation and emphasise the importante of the purity of
the substrate metal.
Features revealed in a study of the surface
characteristics of the Golden Horses on St. Mark's
basilica in Venice (1) have led to an investigation in
detail of the gilding techniques used in antiquity. The
unusual composition of the horsen, which are prac-
tically pure copper, implies that they must have been
difficult to cast. The choice of such a material appears
more logical, however, in the light of results pub-
lished by Craddock (2). This author suggests that the
use of pure copper for some gilded artefacts of the
classical age is the result of difficulties encountered
by the ancient craftsmen in mercury-gilding sub-
strates made of lead- or tin-rich copper alloys and he
quotes Theophilus in support of this interpretation.
Craddock's work as well as other recent researches
concerning ancient gilt bronzes (3), provide the basis
for a reassessment of Pliny's statements on gilding.
Pliny's Texts on Gilding
Pliny's 'Naturalis Historia' is one of the richest
sources of technological information to have survived
from Roman classical times. The vicissitudes to
which the manuscripts were exposed through the cen-
turies explain the difficulties now encountered by in-
vestigators in interpreting some of their contents.
Furthermore, Pliny may have been inaccurate in
regard to some technical terms (4).
The reconstruction of the Pliny manuscript by
various scholars appears particularly weak as far as
Book XXXIII is concerned. Although it has been a
basic reference for historians of metallurgy for many
centuries, it still contains ambiguities that have been
clarified only in part by emendations of the text
which have been made from time to time and which
have been mostly of a philological nature. These am-
biguities are usually mentioned by experts who quote
Pliny in discussions of the extent of the metallurgical
and chemical knowledge of the Romans.
The passages (5) devoted by Pliny to gilding read:
'20. The regular way to gild copper would be to use natural
or at all events artificial quicksilver, concerning which a
method of adulteration has been devised, as we shall relate in
describing the nature of those substances. The copper is first
subjected to the violente of fire; then, when it is red hot, it is
quenched with a mixture of brine, vinegar, and alum, and
afterwards put to a test, its brilliance of colour showing
whether it has been sufficiently heated; then it is again dried in
the fire, so that, after a thorough polishing with a mixture of
pumice and alum, it is able to take the gold-leaf laid on with
quicksilver.'
'32. . Consequently when also things made of topper are gild-
ed, a coat of quicksilver is applied underneath the gold leaf and
keeps it in its place with the greatest tenacity: but if the gold-
leaf is put on in one layer or is very thin it reveals the
quicksilver by its pale colour. Consequently persons intending
this fraud adulterated the quicksilver used for this purpose
with white of egg; and later they falsified also hydrargyrum or
artificial quicksilver, which we shall speak about in its proper
place. Otherwise quicksilver is not to be found in any large
quantity.'
`42. At the present time silver is almost the only substance that
is gilded with artificial quicksilver, though really a similar
method ought to be used in coating copper. But the same
fraudulence which is so extremely ingenious in every depart-
ment of life has devised an inferior material, as we have
shown.'
The hitherto generally accepted interpretation of
these extracts, often supported by quotations from
Vitruvius (6), is that Pliny is referring to the gilding
technique which we call hot mercury-gilding or fire-
gilding. This implies that both Pliny and Vitruvius
are thought to have omitted to mention the final stage
of the fire-gilding process which consists of heating
the piece in order to evaporate the mercury.
A few writers are more cautious and have an open
mind in this respect. Moran (7), for instante, states
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`But whether or not Vitruvius was definitely referring to the
fire-gilding process we cannot say. And Pliny, though men-
tioning mercury as being used in the gilding of copper, seems
definitely not to be referring to the fire-gilding process in the
ordinary meaning of that phrase.'
A New Interpretation of Pliny
Careful reading of what is reported by Pliny and
comparison with descriptions of the common fire-
gilding technique, show that apart from the ambi-
guity of some words, two substantially different
processen are involved. Fire-gilding has been de-
scribed by many authors but Cellini's text (8) is the
most famous of those written by craftsmen and more
recent authors may have been influenced by it.
In Cellini's description of gilding, the layer of gold
is formed in situ. He uses gold leaf but only because it
amalgamates rapidly with the mercury inside the
mortar. The gold/mercury ratio in the amalgam varies
between fairly wide limits (9). The final composition
is reached step by step and is based on the artist's per-
sonal experience, taking into account both the size of
the artefact and the desired thickness of gilding. Fur-
ther coatings of amalgam can be applied if the initial
result is not satisfactory. The final stage of heating in
the fire requires continuous supervision of the piece
to maintain the distribution of the amalgam on its sur-
face and is an operation basic to the process since it is
indispensable in order to form the gold layer.
Pliny, on the other hand, refers to gold leaf applied
directly to the substrate. If this is interpreted exactly
as he describes it, the following operations are
involved:
(1) Mercury is rubbed on the surface of the copper
substrate when it is cold. Some copper dissolves
in the mercury and forms a very thin layer of
copper-mercury amalgam. At room temperature,
copper does not become soft in the presence of
mercury (10, 11).
(2) Any excess mercury is mechanically removed.
This operation leaves the surface of the object
shining and smooth as a mirror.
(3) Gold leaf is then pressed upon the surface. It ab-
sorbs a little mercury from the copper but does
not soften and does not form a conventional
amalgam. Even if the gold leaf absorbs all the
mercury from the copper-mercury amalgam, it
does not disintegrate but keeps its original leaf
form and bonds very firmly to the substrate.
This method, best referred to as cold mercury-
gilding (12), does not appear to require special
operator skills since the amount of mercury involved
is independent of the procedure followed by the crafts-
man and the mechanica of the operation are defined
exclusively by the solubility of copper in mercury. An
'additional advantage is that the consumption of mer-
cury is minimal. Mercury is mainly lost by diffusion
through the gold layer. This is inevitably a slow pro-
cess (several weeks) and bears no comparison with the
speed at which the mercury is driven of during a nor-
mal fire-gilding operation when the gold is applied in
the form of a true amalgam. A significant aspect of
the use of mercury is emphasised by Pliny in his com-
ment that `if the gold leaf is put on in one layer or is
very thin it reveals the quick-silver by its pale colour'.
Thus, the `pallor' indicated the presence of mercury.
The Fraudulent Method of Gilding
Pliny himself seems to confirm what is said here of
this cold mercury process in the passages that
describe a fraudulent method of gilding.
The text implies that the fraud refers to the mer-
cury and not to the gold. In Pliny's time mercury, in
both the native and the artificial or purified form, was
relatively expensive and scarce. On the other hand,
the word 'recte' used by Vitruvius, as well as the
`legitimus erat' of Pliny, mean that only gilding car-
ried out by mercury was considered genuine. Accor-
ding to Pliny a particular type of pallor appeared to
be the only feature that objectively indicated — and in
some way proved to the purchaser — the use of expen-
sive mercury for gilding. If the pallor was removed by
heating, as happens in the final stage of normal fire-
gilding, Pliny's mention of pallor in the context of
fraud would have no sense. Therefore, the fraud ap-
pears to consist in gilding by another method and in
imitating in some manner the pallor resulting from
the use of mercury. This, Pliny tells us, was achieved
by using the white of an egg (or glair) and laboratory
trials have shown that the effect thus obtained closely
resembles that from cold mercury-gilding (13).
In these experiments, glair was smeared onto an
object which had been previously hot gilded without
mercury and any excess was removed. When the
temperature of the metal was raised to around 100°C
the gold surface became pale, changing to a finish
very similar to that of gold contaminated by mercury.
The similarity extended to both the colour and the
surface pattern. Indeed, two authors, Pancirollus (14)
and Zasius (15) have interpreted the fraud described
by Pliny as using egg white to make it appear as if
mercury had been used in the gilding process. This
was done by mechanically cladding gold leaf on to
the hot substrate after suitable preparation and then
applying a coat of egg white.
The use of egg white on top of the gold has a
further important property that made it effective as
a fraudulent substitute for mercury. The pallor due to
mercury fades after some time as it evaporates.
Likewise, the pallor obtained using egg white is not
permanent. After some days, glair undergoes
biochemical degradation and disappears. This
behaviour was an assurance to the goldsmith that his
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encyclopaedia, 'Naturalis Historia', its thirty seven books containing an enormous col-
23 to 79 A.D. lection of information. Although not accurate in all details it is an important source of
our knowledge of Roman technology and gives one of the first references to gilding.
This painting of Pliny in his study is from a XVth century manuscript copy of his
'Natura! History' in the British Library
Harley MS. 2677, f.1. Reproduced by permission of the British Library
fraudulent practice would not be detected and to the
customer that he had bought a 'correctly' gilded piece.
A complete analysis reconciling Pliny's existing
text with the new interpretation of his manuscript
presented here, will be published elsewhere (28) and
will take account of philological comments by Pro-
fessor Silvio Ferri.
Laboratory Experiments
The conclusions drawn from the detailed study of
Pliny's text have been substantiated with some
additional information of a more objective character.
Dr. L. Rigosi of the Physical Institute of Ferrara Uni-
versity has established that cold mercury-gilding of
copper can be performed in the laboratory without
any problem. Spreading of mercury on the copper
surface, polishing the surface until it has a mirror-
like finish and applying gold leaf are simple and
reproducible operations. The gold layer remains in-
tact and the mercury which contaminates its surface
imparts to it a characteristic pallor. This gilding
operation could be carried out on 7 per cent tin-
bronze as well as on copper. Examination of the inter-
face between the gold and the substrate by electron
probe microanalysis showed that the boundary itself
was very sharp, both with copper and bronze.
A most interesting aspect of cold mercury-gilding
concerns the finishing of the gilt surface. While
gilding applied on pure copper can be very easily
finished with a burnishing tool, this is not the case
with a bronze substrate. On the latter alloy, bur-
nishing destroys the gilded layer. This behaviour
appears to support the hypothesis presented in the
outset of this paper concerning the difficulties
encountered in gilding bronze as opposed to pure
copper. Alloying of gold with tin easily takes place
in the presente of mercury at the gold-bronze
interface (mercury amalgamates well with tin) and
the brittleness of the products must be the cause
of the observed fragility of the gild (16). Even in
hot cladding, where mercury is not used, tin can
migrate from the bronze into the gold leaf at high tem-
perature. Mr. E. Canal, an expert in archaeology
who has, a workshop in Venice which reproduces
artefacts by antient techniques has kindly carried out
the cladding of both copper and bronze with gold leaf.
As might be expected in terms of the interpretations
above, cladding, in which the use of the burnishing
tool is of fundamental inportance, gave good results
on pure copper but was impossible on bronze (17).
The Necessity to Use Pure Copper
It is of interest to conclude this contribution by
presenting a few points selected from a large series
of references. These throw some light on the question
of the composition of the alloy for gilding and they
reinforce Craddock's suggestions.
The association of gilding with pure copper in an-
cient artefacts from the classical period is confirmed




ships recovered from the bottom of Lake Nemi in
1928. A list of these artefacts (18) classifies those of
interest in the present connection as either of `pure
copper' or of `bronze'. All the pure copper artefacts
are reported to be gilt while of the bronze items only
one is described as gilt.
The fragility of gold when contaminated by tin and
lead seems to have been well known in the past and is
mentioned in some old encyclopaedias. Vannuccio
Biringuccio in particular writes about the effect on
gold of contamination by other metals during gilding
(19). D'Arcet's work (20) on fire-gilding of bronze is
generally considered one of the most important
references on this subject written in the more recent
past. The goldsmiths he consulted in his survey of the
gilding of different substrates told him that the less
tin and lead contained in a copper alloy, the better
was the gilding. Another excellent account of the
metallurgical aspects of the gilding technique is to be
found in Bonazzi's 'Guide to the Goldsmiths' (21).
His technical and chemical terminology is accurate.
He describes the `classical fire-gilding technique' and
the preparation of the bronze or brass substrate to be
gilt. The piece had to be previously put on the fire
`with its surface covered all over by coal' or another
fuel `that burns well producing a fire more uniform
and less intense than coal'. This procedure was
justified by the goldsmiths, 'according to their own
understanding of the gilding', as having the purpose
of degreasing the metal surface. Bonazzi then says:
`They attribute the beautiful colour of the gilding to
this perfect cleaning. D'Arcet thinks, and he is right,
that this operation results in a burning-out of part of
the zinc at the surface of the brass, so that the surface
becomes more or less pure copper. It is for this reason
that it better retains the gilding and acquires a
brilliant colour.' (22, 23).
Conclusion
It is reasonable to assume that pure copper
substrates were used for gilded artefacts of the
classical period not by chance but for technical
reasons. The cold mercury-gilding technique, which
this paper suggests was the mercury-gilding method
known at the time, was not a flexible one and it was
because it was most effective on copper substrates
that these were used when gilded artefacts were being
made. If gilding of an object was not envisaged, it
could be made from a copper-tin-lead alloy which had
better castability than copper. In that case, however,
it could not be cold mercury-gilded at a later date.
An example which appears to support this view can
be indirectly drawn from Pliny. Nero wanted a Greek
bronze statue of the infant Alexander the Great to be
gilded. The gold was later removed and Pliny records
that `in that condition the statue was considered yet
more valuable, even though still retaining stars from
the work done on it and incisions in which the gold
had been fastened.' (24). This has been interpreted by
Falconet (25) and Blümner (26) as a reference to
gilding `à l'haché' where gold foil
(rather than leaf) was mechanically
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lead, these were overcome by the skills and
resourcefulness of ancient craftsmen and many hot
mercury-gilded works of arts made from a large
variety of alloys have survived to this day.
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